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Abstract 

Cybersusy is a new mechanism for supersymmetry breaking in the stan- 
dard supersymmetric model (SSM). Here we note that the superpotential 
for the SSM has a set of thirteen invariances, five of which are well known, 
and eight of which are new. The eight new invariances generate a sort 
of supersymmetric quark and lepton model, together with supersymmetry 
breaking that makes the squarks and sleptons very heavy. This breaking 
regenerates the standard model out of the supersymmetric standard model, 
except that the gauge particles are not yet included in this reduction. In 
this paper, it is shown that, with some continued effort, cybersusy will make 
some predictions for baryon masses that may actually be wrong, so that it 
is a supersymmetry breaking theory that can be proved wrong! This is the 
fifth paper in what was intended to be a series of four papers on cybersusy. 



1 Why does the Standard Model have such a bizarre 
particle content? 

It is notorious that the particle content of the standard model 
is rather strange, and little explanation or motivation for it 
has been available. With a huge amount of effort, from both 
theorists and experimentalists, its detailed structure has been 
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determined and parametrized in terms of quantum field theory 
[!]■ 

The supersymmetric standard model (SSM) is just a repeti- 
tion of this strangeness, except that it adds a whole set of un- 
observed superpartners, which takes the standard model from 
strange to absurd. 

But supersymmetry is a very tempting generalization of the 
standard model, because of the superstring, and because it is 
such an interesting symmetry in its own right. Since we are very 
comfortable with the idea of a broken symmetry, it is natural 
to guess that a suitable kind of supersymmetry breaking will 
cure the absurdity of the SSM. 

But it is clear that this cure is not the spontaneous breaking 
of supersymmetry, because that entails a huge vacuum energy, 
whereas supersymmetry without spontaneous breaking has zero 
vacuum energy, which is very near the truth. There are also 
embarrassing mass sum rules that arise from the spontaneous 
breaking of supersymmetry. These make it very hard to make 
the theory consistent with experiment, even if one chooses to 
ignore the vacuum energy problem. 

It is also clear that there is a great deal left to be desired 
from the other popular method for breaking supersymmetry, 
which is the addition of soft supersymmetry breaking masses 
to the squarks and the sleptons in the SSM. These explicitly 
break supersymmetry, but really the only motivation for them 
is the desire to break supersymmetry. They seem to have no 
very satisfactory origin in the theory^. 

^However, from one point of view, cybersusy appears to generate something very 
mucli like this. As is shown below, cybersusy generates an effective theory with a 
supersymmetric quark model for hadrons, with supersymmetry breaking. Since the 
mechanism also applies to the quarks, it looks a lot like soft breaking, except that 
the particle content is more complicated for the quark multiplets in cybersusy. Also, 
there is another breaking for composite hadrons that probably gives a different, more 
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It is also notorious that many current models of particle the- 
ory (e.g. superstring theories, explicitly broken supersymme- 
try) are very difficult to prove wrong, because they do not make 
sufficiently well-defined predictions. 

Cybersusy is a new mechanism for breaking supersymmetry. 
It has its origin in the BRS cohomology of supersymmetry, as 
applied to composite operators. The breaking is extracted from 
the algebra of the composite operators by using the technique 
of effective actions to analyze new symmetries. The composite 
operators that arise from the BRS cohomology do in fact closely 
resemble the physical particles that we see from the standard 
model, in a supersymmetric form. The BRS cohomology of a 
theory naturally gives rise to the physically relevant degrees of 
freedom of that theory. This is obvious, in a sense, because 
such physically relevant operators should be supersymmetric, 
and also not vanish by the equations of motion, and that is 
what the BRS cohomology finds. Part of the new material in 
this paper is to demonstrate this fact for the leptons and for 
the hadrons (both mesons and baryons). 

The cybersusy mechanism is more closely related to explicit 
breaking than it is to spontaneous breaking, and so it does not 
give rise to a vacuum energy. However the breaking does not 
simply take the form of changing the masses of the sleptons and 
squarks. The breaking arises from transformations which are 
very much like a set of supersymmetry anomalies. These break 
rigid or global supersymmetry, and they arise for the special 
case of the SSM. A dichotomy arises, which is very much like an 
anomaly. One cannot have massive dotspinor supermultiplets, 
describing the bound states of the SSM, at the same time that 
the theory also contains the spontaneous breaking of gauge 
symmetry. 

reliable, result. This is discussed in section 19 below 



3 



4 



A bonus of cybersusy, and the BRS cohomology, is that they 
seem to supply some motivation for the strange structure of 
the standard model, as will be seen below. It appears that the 
SSM is 'rigged' to produce supersymmetry breaking through 
cybersusy. 

A further bonus of cybersusy is that it can be proved 
wrong (or, possibly, not wrong, yet) with relatively little fur- 
ther effort, as is set out in the conclusion to this paper. 

2 Introduction 

In the first four papers on cybersusy [2] [3] [4] [5] , it was shown 
that there is a scheme of supersymmetry breaking that is based 
on the cybersusy algebra. This was illustrated with a calcula- 
tion of the mass spectrum for the three electron flavours and 
the three neutrino flavours. That algebra is closely linked to 
the standard supersymmetric model (SSM) and its remarkable 
superpotential. The mass spectrum is quite simple when one 
assumes that the relevant mixing matrices are diagonal. 

Brief remarks were also made about the baryons, but no 
attempt was made to determine the spectrum there. It was, 
however, argued that the supersymmetry breaking will be in 
the baryon spectrum, not in the elementary spectrum of the 
quarks and squarks. 

In this paper we discuss the superpotential in this context. 
There are a number of simple things that can be said here, and 
we can make some important progress in an easy way. This 
is a revised version of this paper, and it has some important 
changes from the original [6] . 

We will start this paper with a discussion of some interesting 
properties of the superpotential of the SSM, and then return 
to a discussion of cybersusy. 
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Here is the superpotential for the SSM: 

PssM = ge^jWK^J - gjm'j+Pp,e,jLP'WP'i 

+rp,eijLP'K^W + tp,e^jQ'P'K^T^ + bpqdjQ'P' W B^^ (1) 
and here is a table of the quantum numbers: 



Table of the Chiral Superfields in the SSM 


Superstandard Model, Left C Fields 


Field 


Y 


SU(3) 


SU(2) 


F 


B 


L 


D 




-1 


1 


2 


3 





1 


1 


QCpZ 


1 

3 


3 


2 


3 


1 

3 





1 


J 





1 


1 


1 








1 


Superstandard Model, Right 71 Fields 


pp 


2 


1 


1 


3 





-1 


1 


RP 





1 


1 


3 





-1 


1 


C 


4 


3 


1 


3 


1 





1 


BP 


3 


3 


1 


3 


3 





1 


H' 


-1 


1 


2 


1 








1 


K' 


1 


1 


2 


1 








1 



(2) 



There are several aspects to a kind of emerging logic behind 
the particle content of the supersymmetric standard model. 
First we note that: 

1. The Higgs fields W and are needed to give masses to 
the leptons and quarks, and they are also needed to sponta- 
neously break SU{2>) x 5^7(2) x U{1) down to SU{2>) x U{1). 

2. The standard model has left /right asymmetry. This is re- 
peated twice: 

(a) The quarks are in left weak SU{2) doublets Q'^^^ and 
right weak SU{2) singlets and B^. 

(b) The leptons are in left weak SU (2) doublets L^* and right 
weak SU (2) singlets and (we need to assume that 
the neutrinos have Dirac type masses). 
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3. The Higgs field J is needed to trigger the spontaneous 
breakdown of SU{?>) x SU{2) x U{1) down to SU{2,) x [/(I). 
The spontaneous breakdown requires that the symmetry 
breaking term —gjm?J be present in the superpotential of 
the SSM. 

When one looks at the BRS cohomology of the theory, one 
also finds that: 

1. The two Higgs SU (2) doublets H\ and the Higgs singlet 
J, and the left/right asymmetry of the quarks and leptons, 
allow the construction of the eight cybersusy generators in 
section 3.2 below. 

2. The Higgs field J is also an essential ingredient in super- 
symmetry breaking in cybersusy, since only generators that 
include ^ give rise to the cybersusy algebra. The spon- 
taneous breakdown of gauge symmetry also results in an 
explicit breaking of supersymmetry as discussed in the four 
papers [2] [3] [4] [5] . This breaking is not a spontaneous break- 
ing of supersymmetry, and so it does not result in a vacuum 
energy problem. 

In other words, the left/right asymmetry, and the Higgs 
fields, are needed to generate supersymmetry breaking for the 
leptons and the hadrons, in a way that gives rise to a universe 
that does not suffer from a huge cosmological constant. 

3 The Lie Algebra of invariance for the superpotential 
for the supersymmetric standard model 

It was shown in [3] that the generators of the simplest non- 
derivative sector of the BRS cohomology, for any supersym- 
metric theory of massless, chiral, scalar superfields, are isomor- 
phic to the generators of the Lie algebra of invariance for the 
superpotential of that theory. 
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We can quickly repeat the main pieces of the argument here 
for clarity. It was shown in [3] that, for a general theory, there 
are chiral dotted spinor pseudosuperfields ^^q, for each spinor 
in the theory. They transform as 

Hia = Sss4>ia - gijkA^A^Ca (3) 

where ^ss is the usual superfield transformation for a dotted 
chiral spinor superfield. 

As explained in [3], the expansion of 0jq, in terms of the 
superspace parameters 6 is: 

fc(^) = ?<ii(y) + {dfiAiv) + CaYiM) - l»''0-,r,{y)Ci, 

(4) 

So an expression of the form 

Lu^ = f]A^^,^ (5) 

will transform as a chiral dotted spinor superfield, with the 
usual transformation (5ss, without the extra terms in (3), if the 
following constraint is satisfied: 

fiA^gikiA^A' = (6) 

We can drop the hats and just use the lowest weight fields, and 
write this in the equivalent form (which arises from the spectral 
sequence) : 

C^3^d = d^fjA^^ia = (7) 

where 

d, = C^mA'^A'^l (8) 
The term gij^A^ A^ is just the derivative of the superpotential 

P^v = QijkA'A^A^ (9) 

with respect to a field A^. So equation (6) can be written 
as a requirment that the superpotential satisfy the invariance 
equation: 

CfPsv = (10) 
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where is a generator of the Lie algebra of invariances of the 
superpotential, and it has the form: 



So now we shall look at the invariances of the superpotential 
for the SSM. Throughout this paper, the complex conjugates of 
the statements are also true, and we shall not write the complex 
conjugates out in detail. 

3.1 Ordinciry Symmetry Generators for the superpotential of the 
SSM 

As is well known, the superpotential of the standard model is 
chosen to be invariant under a number of symmetries. It turns 
out that there are two general kinds of generators for the Lie 
Algebra of invariance of the superpotential for the standard 
supersymmetric model. First we will discuss the well-known 
invariances of the SSM. 

A glance at the Table in Equation (2) reminds us that there 
are some obvious generators for invariance of the superpoten- 
tial for the standard supersymmetric model. These are the 
generators of the groups SU{3) x SU{2) x U{1) and counting 
operators for lepton number and baryon number. Here they 
are: 




(11) 



1. Strong SU(3): 





where T^^ are the hermitian 3x3 matrix generators of the 



Lie Algebra of SU(3), 
2. Weak SU(2) 
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where t"* are the hermitian 2x2 matrix generators of the 
Lie Algebra of SU(2), 

3. Hypercharge U(l) 

4. Lepton Number 

5. Baryon Number 



I d 1 d 1 d 
o = _ncp*_ll :^ tTP—— (17) 

3^ ^Q^^'^ 3^5P? 3 'an ^ ^ 

It is easy to verify that these satisfy the relations: 

^"^SSM = C^PsSM = 3^^SSM = ^^SSM = -^PsSM = (18) 

Note that we do not need to leave the symmetry breaking 
term —gjm?J out for these calculations. Also note that none 
of the above generators have a term of the form jj. This is a 
consequence of the fact that J has zero lepton number and zero 
baryon number, and also that J is invariant under the groups 
SU{3) X SU{2) X 

3.2 Left/right assymetric generators of the Lie algebra for the 
invariance of the superpotential of the SSM: queirk and lepton 
invariants 

Now we shall discuss some more subtle invariances of the SSM. 
Because of its form, we can quickly find eight more independent 
generators of invariance of the SSM superpotential, and these 
have a one-to-one map onto the leptons and quarks. 
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There are two 'left handed' quark generators and two 'right 
handed' quark generators. There are two of each because the 
quarks can be up or down under weak SU(2). So in a sense 
the generators spht the left handed doublets into the charge 
eigenstates. 

Similarly, there are two 'left handed' lepton generators and 
two 'right handed' lepton generators. There are two of each 
because the leptons can be up or down under weak SU(2). 
Again, in a sense, the generators split the left handed doublets 
into the charge eigenstates for the leptons. 

As will be seen in detail below, the BRS cohomology is per- 
forming the task of generating a kind of supersymmetric quark 
(and lepton) model through this mechanism. 

But to discuss this we must first introduce the generators. 

3.2.1 'Right handed' Lepton Generators 

The first basic generator is the Positron Generator Cp^s'- 

U,=Ps,P^§j + sK'^ (19) 

Let us demonstrate that this is indeed a generator of the in- 
variance of the superpotential (1). Note that we must leave the 
symmetry breaking term —g^m?J out for this calculation. 

+rpqe^jLP'KJW + tpqei,Q^'P'KJT^ + hp^e^jQ^^' W Bl) (20) 
and this reduces immediately to 

= PsqP'-^geijH'K^J 
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+9K^^k {Pp,e^JLP^H^P' + r,,e,jLP^K^R'^} (21) 

+gK%ge,jWP'' + gK'rsqe.jK^W = (22) 

There are seven more generators like (19), and their invari- 
ance works in a similar way. We shall list them all here. The 
other right leptonic generator is the Right Neutrino Generator 

^R,s- 

C,,. = r^R^^ + gW^ (23) 

3.2.2 'Left handed' Lepton Generators 

The first basic 'left handed' lepton generator generator is the 
Electron Generator Ce,s- 

Ce,s = P,se^,H^L^'§J + ge.jH^K-'^ (24) 

Now let us demonstrate that this is also indeed a generator of 
the invariance of the superpotential (1). Note that we must 
again leave the symmetry breaking term —gjm^J out for this 
calculation. 

+rj„eijL^K^R^ + tp,eijQ'P'K^T^ + h^qeijQ'^ W Bl} (25) 
and this reduces immediately to 

= PqsekiH'L'^'-^ {geijWK^j) 
+9^kiH'K'^^ {pp,e,jLP^WP^) = (26) 
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Then there is the left handed neutrino generator: 

Cn,s = V^JK^L^^jJ + 9^^JH'K^^^ (27) 

3.2.3 'Right handed' Quark Generators 

For right handed quarks, we have the Bottom Generator Cb,sc- 

£b.. = 6.A'|^ + 5A-'^ (28) 
Let us check that 

( d 5 1 

CB,scPssM = \bsqB^,— + gK^- 



+rpqeijLP'Km'^ + tpgSijQ'P'K^T^ + bp,e^jQ'P' W B^^} = (29) 
This is 

Cb,scPssm = hs,BlgeijWK^ 

+9K^9^ {W^JQ''''K^T^c + h,,e,,Q^^^WBi\ (30) 
which reduces to 

Cb,scPssm (31) 
= hqBlge,,WK^ + gK%,e,,K^T! + gK%,e,,W B^ = (32) 
Then there is also the Top Generator Ct,sc- 

Cr^,^ = U,T!§j+aW^^ (33) 

3.2.4 'Left handed' Quark Generators 

For left handed quarks, we have the Up Generator Cfjg. 

Ch^s = t.seijK'Q^'^^jj + geijWK^^^ (34) 




d 



(35) 



3.3 Generation of the whole Lie Algebra 

It seems a reasonable conjecture that the above are all the 

basic generators of the Lie algebra of the invariance of the Su- 

perpotential for the SSM. There are five 'ordinary' generators 

in subsection 3.1, and eight more ' J-invariance' generators in 

subsection 3.2. Let us label them Cn where n = 1, 2, • • • 13. It 

is easy to verify that taking the commutator of any two basic 

generators Cn generates nothing different from the original 13 
r 

4 Reflections on the Standard Model 

What is special about the SSM that allows these ' J-invariances' 
which are ismorphic to the quarks and leptons? It would be 
interesting to see how many changes could be made while re- 
taining this isomorphism. In the SSM, a large role is being 
played by the weak group SU(2) and its invariant tensor Cij. 
Having the ability to get masses from the two Higgs fields 
and comes from having left doublets and right singlets for 
the quarks and leptons. For example, if both left and right 
quarks and left and right leptons were doublets, masses would 
require a field like H^"^^^ or H to couple to both left and right, 
and then it not easy to see how to get these 'J-invariances', to- 
gether with other necessary or desirable properties. A complete 
discussion of this would be tricky, of course, because there are 
so many possibilities, and it is not clear, and it is not likely to 
become clear, what properties are necessary, or desirable, when 
designing a standard model. 



5 Dotspinors and Cybersusy 



As was noted in [3], and discussed briefly above in section 3, the 
existence of a solution for the cohomology constraints for the 
simple generators is equivalent to the existence of a generator 
for the Lie Algebra of the invariance of the superpotential for 
a given massless chiral theory. 

Here is how this works. Suppose we have a generator as in 
(13), or Cp^s as in (19), which satisfies the invariance equation: 

T'^PssM = (36) 

Cp,sPssM = (37) 
Let us take the simpler example: 

Cp,=P.,P^Ij + 9K'^^ (38) 

Then we can construct a chiral dotted spinor superfield from it 
in the following way: 

1. For each derivative in >Cp,s, make a replacement as follows 

^ ^ (39) 

2. Then write down the result of this substitution: 

d ■ d - — 

(41) 

The result cup^sa is a simple generator of a dotspinor which 
satisfies the constraint equation in [3] , which is the same as 
the constraint equation in equation (7) above: 



d3^P,sa = 



(42) 



This is a consequence of the definition of the operator 

4 = + ■ ■ ■ (43) 

which gives rise to the following mutual implications for Lie 
algebra generators and dotspinor generators: 

d3Ujp,sa = <^ jCp,sPssm = (44) 



6 Collection of Basic Dotspinors 

6.1 The five ordinciry dotspinors from the five ordinciry symme- 
try generators 

1. Strong SU(3): 

^ (Q*?<j,,« + B'^i^ + T|>V4^) = iOt\ (46) 

where T^^ are the hermitian 3x3 matrix generators of the 
Lie Algebra of SU(3), 

2. Weak SU(2) 

[ d d ■ d ■ d \ 

(48) 

where t^* are the hermitian 2x2 matrix generators of the 
Lie Algebra of SU(2), 

3. Hyper charge U(l) 
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Uya (51) 



4. Lepton Number 

^ (53) 

5. Baryon Number 

I d I d I d 

B = -O"^'—- B^— TP—— (54) 

3^ dQ'^p^ 3 'dBE 3 'dTF ^ ^ 

^Ba (55) 

6.2 The eight bcisic 'J-dotspinors' from the eight basic 'J-symmetry' 
Generators 

6.2.1 Leptons 

1. The Positron Generator Cp^s'- 

d d - — 



2. The Right Neutrino Generator Cr 



sa 



(56) 



d ■ d - — 

(57) 

3. The Left Electron Generator Ce,s- 

Ce,s = Pase^jWL^'jj + ge.^WK^-^^ (58) 
PqsEijWL'^^i^j^ + ge^jH'K^^p^^ = UE,sa (59) 
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4. The Left Neutrino Generator Cn i 



Cn,s = VijK^L^^^ + g^ijH'K^^^ (60) 
e,,K^'L^^^j^ + ge^jWK^i^R,^ = ujN,sa (61) 



We can put these together in various ways, but that does not 
seem as interesting at present as putting the quarks together. 
The quarks form meson and hadrons. Combining these leptons 
does not seem so experimentahy vital right now. 

6.2.2 Quarks 

Here are the quark dotspinors: 

1. The Bottom dotspinor: 

C,,.^=(b.,Bt-^j+gK'^) (62) 

{hsqBf^j^ + gK^^Q^scja) = ^B,sca (63) 

2. The Top dotspinor: 

Cr...= (uTS-^j + ,H'^) (64) 

{tsqT^^Ja + 9H^'^Q,scja) = ^T,sca (65) 

3. The Up dotspinor: 

Ch,s = tqseijK'Q'^^-^ + geijH'K^^^ (66) 

^ hqseijK'Q^^^j^ + ge^jH^K^^^T^,^ = u^u,sa (67) 

4. The Down dotspinor: 

= bqseijWQ^'^^-^ + geijH'K^-^^ (68) 
^ bqsEijWQ^'^^j^ + gcijWK^^^,^ = o;^,,^ (69) 



We can put these expressions UB^sca, ^T,sca, ^u,sa^ ^D,sa together 
in various ways to form strong SU(3) invariants. They will also 
be weak SU(2) invariants. We can choose various combinations 
to get various values of hypercharge 3^. They have the following 
values of hypercharge 

2 -4c +4 c -2 



(70) 



7 Products of the Basic Dotspinors 

A new insight arrives when we consider the 13 basic dotspinors 
that arise from the 13 Lie Algebra generators. We can multiply 
these together to obtain new invariant dotspinors. 

An element of the Lie algebra must be a sum of terms with 
only one derivative with respect to a field. 

However an element of the dotspinor invariants can have 
more than one dotspinor in a term. 

So here is the correct statement: 

1. The five ordinary symmetries C^^X°-^ 3^, i3, L generate ordi- 
nary basic dotspinors. 

2. The eight basic ' J-symmetries' generate basic J-dotspinors. 

3. The dotspinors can be multiplied by each other and by any 
desired functions of the scalars to form dotspinors that still 
satisfy the constraints. The multiplication must be such 
that the result is symmetrized over the dotted spinor indices 
of the result. 

4. The result can be converted to a pseudosuperfield by putting 
hats on everything to convert them. 

5. The components of the resulting pseudosuperfield can be 
found using projections as in [3] and [4] . 
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6. Any product which contains at least one J-dotspinor is a 
J-dotspinor. 

7. As was demonstrated in [4] , any J-dotspinor generates a co- 
homology tower, which impUes a cybersusy algebra, which 
gives rise to an effective action with supersymmetry break- 
ing. 

8. We shall not try to write the cohomology towers out here, 
and we shall not write down the pseudosuperfields that start 
with the wrong spin (such as spin J = 1 for a baryon, or 
spin J = I for a meson) , but we shall briefly mention some 
of the composites in the next sections, to illustrate how they 
are put together. 

8 Mesonic Combinations of the Generators 

8.1 Leptonic Mesons 

Here is an example of a meson with y = 2 and C = B = and 
J = 1 made from the leptonic dotspinors: 

What is this? What does it have to do with the weak vector 
meson Wj=i? Its supersymmetry tower is related to the various 
leptonic modes of decay for 11+, K^, D^, B^, • • • or a p"*", • • • 
presumably^. 

8.2 Hadronic Mesons 

The situation is more interesting when one combines the basic 
quark dotspinors with each other and with suitable scalars to 
produce operators that generate particles that are known to 

^There is an important exercise to be done relating the various composites in this 
paper to the particle states in the Review of Particle Physics [1]. 
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be hadrons. We will choose all of the operators to be strong 
SU(3) invariants and weak SU(2) invariants. This discussion is 
introductory, and there is much more to be said. 

1. Hadronic Mesons with y = 2 and J = 1 
Consider the expression 

This has the quantum numbers of a hadronic meson with 
spin one and hypercharge y = 2 . It satisfies 

dsA^^ = (73) 

Clearly, part of this yields zero when symmetrized: i'jai'j^'^ 
i/jjpi'ja = but the rest survives. Similar remarks apply 
to the following: 

2. Hadronic Mesons with y = —2 and J = 1 

The following expression is a strong SU(3) invariant and a 
weak SU(2) invariant with 3^ = —2: 

3. Hadronic Mesons with 3^ = and J = 1 

The following two expressions are strong SU(3) invariants 
and weak SU(2) invariants with 3^ = 0: 

^Tf/,d/? = ^TU [^T,pca^u^qp + ^T,pcp^U,qa) (75) 
^B£>,d/j = ^BD [^B,pca^D^qp + ^B,pc$^D,qa) (^6) 

It seems wrong to try to calculate any masses from these 
operators and their supersymmetry breaking effective actions. 
The main problem is that it appears that all of these mesonic 
operators, both leptonic and hadronic, will mix with operators 
that have the same quantum numbers but are made from the 



gauge particles, so we would need the gauge theory cohomol- 
ogy to proceed to find the relevant complete cohomology towers 
that mix under cybersusy for any given set of quantum num- 
bers. This is why the leptons and baryons are easier to deal 
with. One cannot make a lepton or a baryon using only gauge 
particles. 

9 Baryons 

We will now review, in a very superficial way, some of the 
baryon dotspinor operators that arise from combining the quark 
dotspinors. The advantage of looking at leptons and baryons 
is that we know that there is no combination of gauge particles 
that has non-zero lepton number or baryon number. So we can 
ignore the gauge particles in the first approximation for leptons 
and baryons. 

That is why it was possible to calculate a mass spectrum 
for the leptons in Cybersusy I [2] without worrying about the 
gauge theory. 

It is also possible to do the same for the baryons, but it is a 
large task, and it has not yet been done. 

All of the expressions we will look at will be strong SU(3) 
invariants and weak SU(2) invariants, with baryon number one 
or minus one, and with various values of the hypercharge Y 
and various numbers of spinor indices. 

10 Supermultiplets whose lowest terms are Baryons 
with Spin J = \ 

The baryonic generators in [4] can be obtained in this way. 
1. The Multiplets that include A7_3 



(a) Baryon with y = —2 and B = +1 

The following expression has y = —2, and it has baryon 
number B = 1: 

This expression is automatically symmetric in the spinor 
indices (q;iq;2Q;3), so long as the coefficients /(p^p^p^) are 
chosen to be symmetric in the flavour indices {piP2P3)- 

(b) Baryon with y = 2 and B = —1 

The following expression has y = 2, and it has baryon 
number B = —1: 

(78) 

This expression is automatically symmetric in the spinor 
indices {aid2(^5), so long as the coefficients J^p^p^p^^ are 
chosen to be symmetric in the flavour indices {piP2P3)- 

2. The Multiplet that includes Aj}^3 



2 



(a) Baryon with y = and B = +1 

The following expression has y = 0, and it has baryon 
number B = 1: 

^DDU,{a,a,a,) = &''^''ec,c,cs (79) 

{^D,p,a,^D,p2a2^U,p3a3 (§0) 

-^^D,pia3^D,p2ai^U,p3a2 (^1) 
+^D,p,a2^D,p2a3'^U,p3ai) (82) 

This expression is automatically symmetric in the spinor 
indices {aid2<^3)^ so long as the coefficients J^p^p^^p^ are 
chosen to be symmetric in the first two flavour indices 

{PlP2)- 

(b) Baryon with 3^ = and B = —1 



The following expression has y = 0, and it has baryon 
number B = —1: 

,picidi^ B ,p2C2a2 ^T,p3 C3 ds 

(84) 

,picia2 ,p2 C2 ds ^T,p3C3 di 

(85) 

+^B,piCid3^B,p2C2ai^T,p3C3a2 ) (86) 

This expression is automatically symmetric in the spinor 
indices {aia2<^3)^ so long as the coefficients J^p^P'^'Ip^ are 
chosen to be symmetric in the first two fiavour indices 

{pm)- 

3. The Multiplet that includes A+s 

(a) Baryon with 3^ = +2 and B = +1 

The following expression has 3^ = +2, and it has baryon 
number B = 1: 

^UUD,idrd2d3) = f ^''''^"'£0,0203 (87) 

{^u\piayU,P2d2^D,p3d3 (88) 
+^U,p,d3^U,p2di^D,p3a2 (89) 

+^U,Pid2^U,P2d3^D,P3dJ (90) 

This expression is automatically symmetric in the spinor 
indices {aia2Q^3), so long as the coefficients fiP^P^^P^ are 
chosen to be symmetric in the first two fiavour indices 

(pm)- 

(b) Baryon with y = —2 and B = —1 

The following expression has y = —2, and it has baryon 
number B = —1: 

£ \^T,p^Cidi^T,p2C2d2^B,p3C3d3 

(91) 

'^'^T,piCid2'^T,P2C2d3^B,P3C3di + '^T,piCid3'^T,P2C2di^B,P3C3d2) 

(92) 



This expression is automatically symmetric in the spinor 
indices (diQ;2Q;3), so long as the coefficients f(P^P^)P^ are 
chosen to be symmetric in the first two flavour indices 

ipm)- 

4. The Multiplets that include At+3 

2 

(a) Baryon with 3^ = +4 and B = 

The following expression has y = +4, and it has baryon 
number 3=1: 

This expression is automatically symmetric in the spinor 
indices (q;iq;2Q;3), so long as the coefficients fiP^P^P^) are 
chosen to be symmetric in the flavour indices (piP2P3)- 

(b) Baryon with y = —4 and B = —1 

The following expression has y = —4, and it has baryon 
number B = —1: 

(94) 

This expression is automatically symmetric in the spinor 
indices (ai(i2«3), so long as the coefficients /(pi^'sps) q^-q 
chosen to be symmetric in the flavour indices {piP2Pz)- 

11 Supermultiplets whose lowest terms are Baryons 
with Spin J = \ 

1. Some Multiplets that include the singlet made of 

dsh quarks with J = \ 

(a) Baryon with y = —2 and B = -\-\ 

The following expression has 3^ = — 2, and it has baryon 
number B = 1: 

UJDDDA = /^^^^^^^ee,c.C3 (95) 



(^ni.QJf^'0(^i.i.(3r^''^)^g,,3a (96) 
Note that the coefficients /^P'^P'^^p^ can be chosen to be 
antisymmetric in the indices []9iP2]5 because the expres- 
sion itself is antisymmetric in the indices \piP2\ , due to 
the contraction with the antisymmetric tensor ec^czcs- 
(b) Baryon with y = 2 and B = —1 

The following expression has 3^ = +2, and it has baryon 
number B = —1: 

Note that the coefficients f^'^P'^^P^ can be chosen to be 
antisymmetric in the indices []3i]32], because the expres- 
sion itself is antisymmetric in the indices \piP2\ , due to 
the contraction with the antisymmetric tensor Cc^czcs- 

2. The Multiplets that include the neutron A^t_i 

(a) A First Baryon with 3^ = and B = +\ 

The following expression has 3^ = 0, and it has baryon 
number B = I: 

(98) 

Note that the coefficients /Ipi^'sIps [yl the above can be 
chosen to be antisymmetric in the indices []3i]92], be- 
cause the expression itself is antisymmetric in the indices 
due to the contraction with the antisymmetric 
tensor e^caca- 

(b) A Second Baryon with 3^ = and B — 1 

The following expression also has 3^ = 0, and it has 
baryon number B = 1: 

UJDUD,a = F'''''ec,c,cs (99) 

(^^...«"^^o(^....Qr^''^)^B,,3d (100) 



Note that the coefficients fP'^P'^P^ in the above have no 
symmetry properties, because the three expressions that 
are contracted with the antisymmetric tensor eciC2C3 are 
ah different. 

(c) A First Baryon with 3^ = and B = —1 

The following expression has y = 0, and it has baryon 
number B = —1: 

UJBBT,a = /[^^^^]^3^c,C2C3 (^Ji ^P.^^^^^^^ . ) (IQl) 

Note that the coefficients fMp^ 

can be chosen to be 
antisymmetric in the indices [^1^2], because the expres- 
sion itself is antisymmetric in the indices [P1P2], due to 
the contraction with the antisymmetric tensor eciC2C3- 

(d) A Second Baryon with 3^ = and B = —1 

The following expression also has 3^ = 0, and it has 
baryon number B = —1: 

Note that the coefficients Jp^P'^p^ in the above have no 
symmetry properties, because the three expressions that 
are contracted with the antisymmetric tensor ec-^c2C3 £^re 
all different. 

3. The Multiplets that include the proton Pt_i 

(a) A First Baryon with y = +2 and B = +1 

The following expression has 3^ = +2, and it has baryon 
number B = 1: 

(103) 

Note that the coefficients /[pi^'sIps qq^j^ i^q chosen to be 
antisymmetric in the indices [j9ij92], because the expres- 
sion itself is antisymmetric in the indices [j9ij92], due to 
the contraction with the antisymmetric tensor £^0203- 



(b) A Second Baryon with y = +2 and B = 

The following expression also has 3^ = +2, and it has 
baryon number B = 1: 

(104) 

Note that the coefficients JP'^P'^p^ in the above have no 
symmetry properties, because the three expressions that 
are contracted with the antisymmetric tensor ec-^c2C3 
all different. 

(c) A First Baryon with y = —2 and B = —1 

The following expression has y = —2, and it has baryon 
number B = —1: 

UJTTB,a = /^^^^^^^£'^'^'^Tf;Tf/^S,p3C3d (105) 

Note that the coefficients jIp^P'^^p^ can be chosen to be 
antisymmetric in the indices [j9ij92]5 because the expres- 
sion itself is antisymmetric in the indices due to 
the contraction with the antisymmetric tensor ec^c2C3- 

(d) A Second Baryon with y = —2 and B = —1 

The following expression also has y = —2, and it has 
baryon number B = —1: 

UJTBT,a = /^'^^^^'3^c.c.C3 {T^^ BP^^UJT,p,e,a) (106) 

Note that the coefficients Jp^P'^p^ in the above have no sym- 
metry properties, because the three expressions that are 
contracted with the antisymmetric tensor eciC2C3 are all dif- 
ferent. 

4. The Multiplets that include the singlet made of tcu 

quarks with J = ^ 

(a) Baryon with 3^ = +4 and B = +1 



The following expression has 3^ = +4, and it has baryon 
number B = 1: 

^UUUXa = /t^^^^^^^^ccca (107) 

(^ni.Q?;^^'0(£i.i.Q;r^^''^)^gp3a (108) 

Note that the coefficients flP'^P'^^P^ can be chosen to be 
antisymmetric in the indices [P1P2], because the expres- 
sion itself is antisymmetric in the indices |piP2], due to 
the contraction with the antisymmetric tensor Ccicacs- 
(b) Baryon with y = —4 and B = —1 

The following expression has 3^ = —4, and it has baryon 
number B = —1: 

iOTTT,a = /[^^^^]^3^^ic.C3 (Tf^^Tf>r,p3C3a) (109) 

Note that the coefficients f\P^P'^^P^ can be chosen to be 
antisymmetric in the indices [P1P2], because the expres- 
sion itself is antisymmetric in the indices [P1P2], due to 
the contraction with the antisymmetric tensor ec^czca- 

These operators, together with bosonic operators and the cy- 
bersusy algebras that arise from them, will be discussed further 
in the next paper of this series. 



12 Discussion of Spontaneous Breaking of Gauge Sym- 
metry 

Next we want to rederive the algebra used in [2] to generate su- 
persymmetry breaking. We will introduce a different notation 
here from what was used there. This notation is intermediate 
between the unbroken theory and the broken theory and so is 
a little easier to use than either of those for present purposes. 



The term —gjm^J gives rise to gauge symmetry breaking if 
7^ 0. We note that 

f'j = ^ = CijgH^K^ - gjm' (110) 

needs a shift of the scalar field parts of the superfield to elimi- 
nate the m? term: 

{mv + H^), {mv + K'^) (111) 

Here is our new notation. Let us write this in the form: 

H' {mvh' + W), K' {mvk' + K') (112) 

where 

= 1, /i^ = 0, A;^ = 0, = 1 (113) 

Then we have a zero vacuum expectation value for the aux- 
iliary field: 

< Gj >VEV= £ij9 < H'K^ >VEV -gjrn^ (114) 

= m^v^e^jh'k^ - gjm^ = gm^v^{h^k'^ - h^k^) - gjm'^ = (115) 

which means that supersymmetry is conserved by this VEV. 

This is the development of a vacuum expectation value (VEV) 
of mv in these two fields, followed by a shift to fields with no 
vacuum expection value. Here we have 

v' = ^ (116) 

We need to rewrite the action after the substitution in equa- 
tion (111), in terms of new eigenstates of mass and charge. 
The superpotential, after this shift and redefinition, is: 

^SSM = ge^J{mvW + H'){mvk^ + K^)J - gjm^J (117) 

+PpqeijLP\mvh^ + W)P'^ + rpgCijlP^rnvk^ + K^)R'^ (118) 
+tpqeijQ'^{mvy + K^)T^ + bpq€ijQ'P%mvh^ + W)B^^ (119) 



In the alternative, we can define mass and charge eigenstates, 
in terms of the shifted fields, and write: 



1 



+ 



This has the inverse 



V2 



(H-K) 



(120) 



(121) 



(122) 



(123) 



In terms of the original action, however, this amounts to the 
substitution: 

K'^^mv^^{H-K) (124) 



and written in terms of charge eigenstates it is: 

^SSM = 

{gmvV2 H + g]^{HH - KK) - gH-K+^ J 

+Ppq 



(125) 



NP l^mv + (if - i^')! - EPK+ 



U'P l^mv + -^{H - K)^ - D'PR- 



rpq 

c 



(126) 
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In the above H and J constitute a massive Higgs boson su- 
permultiplet, and K, K~^, H~ are three Goldstone Boson super- 
multiplets which will be 'eaten' by the vector boson supermul- 
tiplets to form the massive weak vector boson supermultiplets 

z^,w+,w-. 

13 Typical Example of generation of the cybersusy 
algebra 

When we perform the shifts in the operators and in the super- 
potential, we find that the superpotential is no longer invariant 
under the action of the cybersusy generators. For example con- 
sider 

Cp,s = PsdP'oj + 9{mvy + K^)^^ (127) 
Then we get: 

{geijimvh} + H')K^ J + geij{H'){mvy + K^)J 
+Ppqe,jLP\mvh^ + W)P'^ + rpqe,jLP'{mvk^ + 
+tpqe,jQ''P\mvk^ + K^)T^ + bpqe^jQ'P\mvh^ + H^)B^^} (128) 
This is 

Cp,sPssMB = 9eijimvh'+W)K^psqP''+geijiH'){mvk^+K^)psqP'^ 

+Psqeijg{mvk'+K''){mvh^+W)P'^+rsqe^jg{rnvk'+K'){rnvk^+K^)R'^ 

= gcijirnvh' + W)K^psqP'^ + geij{W){mvk^ + K^)psqP' 

+Psqeijg{mvk'^) {mvh')P^ 

+p,qe,,g{K'){mvy+W)P^+p,qe,,g{mvk'+K'){W)P'i (129) 

= Psqeijg{mvk'){mvy)P'^ = -psqgm^v'^P'^ = -m^gjPsqP'^ 

(130) 
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In summary, expressing things in terms of the shifted fields 
makes no difference. The result is that 

^p,sPssMB = -m^gjPsqP'^ (131) 
and we get the same thing more easily from 

Cp,sPs^MB = {ps,P'-^ + 9K^^] {^SSM - gjm'j} (132) 

= PsqP'-^ {-gjm^J} = -m^gjPsqP' (133) 

14 List of Dotspinor Cybersusy Algebra for each basic 
J-Invariance after Gauge Symmetry Breaking 

Using the relations 

d ■ d - - 

(134) 

we see that this means that 

d3(^P,sd = ds {psqP'^lljja + gK^i^Lsja] = 9jPsqP''C a (135) 

and this in turn means that for the pseudosuperfields, we have: 

S(^p,sd = -m^gjpsqP'^Ca (136) 

All eight of the cybersusy generators behave in the same way. 
Here is a complete list: 

jCp^sPssMB = -m^gjpsqP^ ^ dsujp^sd = -m^QjPsqP'^Ca (137) 

>^ii,s^ssMB = -w?gjrsqW ^ dsLUR^sd = -m^gjrsqR^Ca (138) 

CN,sP^mB = -m^gjVqsN'^ ^ d^UN,sa = -m^gjrqsW^Ca 

(139) 

Ce,sP^smb = -m^gjpqsS"^ ^ d3UJE,sd = -m^gjpqsS'^Ca (140) 



>^T,sc-PsSMB = 


— m^gjtsqT^ <^ d3LJT,s,ca = 


—im?gjtsqT^Ca 






(141) 


Cb sr-PsSMB — 


—m^qjbsaB^ ^ dsUBscd = 


—rr^qjhsaBlCn, 






(142) 




-m^gjtqsW ^ d3(^u,s,cd = 


-m^gjtq,W''C^ 




(143) 


'^L>,sPsSMB = - 


-m^gjbqsV'^^ ^ d3LJD,s,cd = 






(144) 



where we define the composite scalars: 

^fp = cijirnvk' + K')L^P (145) 

SP = eij{mvh' + H')L^p (146) 

= ei^-(m?;A;* + K')Q^''p (147) 

r>fc = eij{mvh' + i^^)Q^'=^ (148) 



15 Typical Example of continued invariance of the 
non-cybersusy generators 

The invariance generator 7° does not have a ^ term in it, so 
it remains an invariance of the potential even after the term 
—gjrn?J is added to i3p,s-PsSM- 

>Cp,.PssMB = PssM - gjrn^J (149) 
Here are the collected and rearranged results, written in 
terms of the shifted fields: 

r/:p,,PssMB (150) 

= geijtl\mvh^ + H^){mvy + K^)J (151) 
+geij{mvh} + H')tl\mvk^ + K^)J (152) 
+Ppqe,jLPHl\mvh^ + H^)P'' (153) 



^rpqe.jLP't'^^mvk'' + 

+tpqeijtfQ'P\mvk^ + i^-^^T,^ 
+bpq€,jtfQ''P^{mvh^ + i^^)5c' 



(154) 
(155) 
(156) 
(157) 
(158) 
(159) 
(160) 



+bpqe,jQ''PT,\mvh'' + //^)5,^ = 



The continued invariance follows from the invariance properties 
of the invariant tensor Cij under SU(2). The shift does nothing, 
because it comes from the term —gjm^J, and there is no ^ 
term in the five well-known invariances of the standard model. 

16 The cybersusy algebras and their effective actions 

We note that: 

1. The ordinary symmetries of the standard model, such as 
SU{3) X SU{2) X U{1), lepton number and baryon num- 
ber, do give rise to dotspinor solutions to the constraint 
equations, but those solutions do not give rise to the cyber- 
susy algebra, and so they do not give rise to supersymmetry 
breaking as discussed in the four papers [2] [3] [4] [5] . 

2. This means that, for particles that are not generated by the 
basic generators in subsection 3.2, supersymmetry breaking 
must be sought in the cohomology of supersymmetric gauge 
theory. That is a question for the future. 

3. We have seen that the ordinary generators reviewed above 
do not lead to the cybersusy algebra. Generators that 
have a term ^ in them do lead to the cybersusy alge- 
bra. 



4. All of the above composite mesons and baryons and the 
composite leptons too will generate towers of cohomology 
analagous to the towers seen in [4]. It is relatively straight- 
forward to generate the cybersusy algebra and effective ac- 
tions from any of them. There are a number of different 
such cybersusy algebras. Each of them requires a paper of 
its own to analyze the situation, and there will be challenges 
too, since the flavours will complicate things, particularly 
for mixed charge states like the neutron and proton. 

5. Note that for the mesons there is a chance that the familiar 
mesons will be the lowest mass particles, in accord with 
experimental results, since these towers begin with spin one. 
The baryon towers begin with spin | and the lepton tower 
analyzed in [2] and [5] began with spin ^. So these are all 
very different from each other, and each will require quite 
a lot of work. 

17 Other Composite Operators 

Suppose that one has got an operator that can create a given 
supermultiplet containing a particle of interest, say the opera- 
tor in equation (72), for example. Then it is evident that there 
are an infinite number of other operators that will create the 
same particle. One can obtain them by multiplying the opera- 
tor (72) by any possible collection of scalar fields that does not 
change its quantum numbers. And it is obvious that such an 
operation will not change the cybersusy algebra associated to 
that operator, since only the dotspinors generate the cybersusy 
algebra, and we are assuming that we do not change those. 

So in some sense it appears that the cybersusy algebra affects 
all the operators which create a given supermultiplet, and hence 
it is a real phenomenon determining the supersymmetry break- 



ing for that supermultiplet. There are of course other operators 
that arise from the cohomology when we include derivatives, as 
discussed in [3] and [4]. It seems a reasonable conjecture that 
these do not change the situation in respect of this general 
phenomenon. 

18 A supersymmetric type of Quark Model 

We have seen that we can generate mesons and hadrons using 
the fields ujB,sca, ^T,sca, ^usa ujj just as though they were 
quarks, except that they must appear with their Lorentz spinor 
indices symmetrized. When it would be appropriate to contract 
Lorentz spinor indices, for example to make spin </ = ^ baryons, 
we use the appropriate scalar fields or or V^p = CijWQ^^P 
or = eijK^Q^^P instead. But the whole thing closely follows 
the quark model, except that it is being done with the first 
terms of chiral superfields instead of quarks. 

The rest of cybersusy then follows the superfields. The use- 
ful development is that the BRS cohomology results in effective 
supersymmetry anomalies in the effective theory that are gener- 
ated by gauge symmetry breaking. From there we can calculate 
the masses after supersymmetry breaking, as was done in [5] 
for the leptons. 

19 Back to soft supersymmetry breaking terms? 

Cybersusy generates a kind of supersymmetric version of the 
quark model, together with a supersymmmetric version of the 
leptons. 

Because of the existence of the dot spinor multiplets for the 
leptons and the quarks, it seems fairly clear that one can manu- 
facture anything out of these dotspinors that one could expect 



to find in the quark model with leptons in the standard model. 

And because of the basic result for the leptons in the first 
four papers on cybersusy [2] [3] [4] [5] , it is also clear that in 
some sense it is natural for the quarks and the leptons to be 
by far the lightest particles in their supermultiplets. Exactly 
the same algebra applies to the quarks as was found for the 
leptons, except that the matrices change. For the quarks there 
are colour indices as well as flavour indices that are extant, 
but the colour indices are not coupled to the supersymmetry 
breaking-they just ride along free. 

It follows that one could apply cybersusy directly to the 
quarks. Since they have exactly the same cybersusy algebra 
as the leptons, we already know exactly what that will yield 
from the analysis of the leptons. The quarks will naturally be 
the lightest particles in their supermultiplets, just as the lep- 
tons were. And the difference in mass from the next lightest 
supersymmetry partner can be as large as we want it to be, at 
least at first glance. 

Now it is true that when the quarks are combined into hadrons 
or mesons with the colour indices contracted to make colour sin- 
glets, one generates a new type of cybersusy algebra, and that 
corresponds to a different effective action, and the spectrum of 
that probably looks quite different from what one would obtain 
by simply replacing the squark masses with new soft supersym- 
metry breaking masses. 

It seems very likely that the new effective action will generate 
a different spectrum than one would obtain from the SSM with 
soft supersymmetry breaking by squark masses. 

But, in a sense, what we have found, is a way of justifying 
the method of introducing soft supersymmetry breaking terms 
for the sleptons and the squarks. This is the same method that 
we criticised in section 1 of this paper. Now we have found it 



again, except that there are more superpartners than appear in 
the SSM, and for some regimes these might make a difference. 
It also seems hkely that looking at the effect of cybersusy on 
various mesons and baryons might generate quite a different 
spectrum from what one would get by constructing them out 
of massive squarks etc. So that work still needs to be done. 

What is clearly completely missing from cybersusy, so far, 
is an explanation of the supersymmetry breaking for the mas- 
sive weak vector bosons, the photon, and the Higgs. There is 
also a puzzle relating to calculations in QCD, which have been 
extensive [7]. Should the gauginos for the color gauge theory 
be taken to be massive for some reason? Should one include 
massless superpartners in these calculations? Perhaps some, or 
all, of these questions can be understood better if one looks at 
the BRS cohomology of gauge theories. 

20 Conclusion 

Cybersusy may give rise to a consistent theory of supersym- 
metry breaking, in time, but there is much to be done before 
that can be decided. The only positive result, so far, is that the 
electrons and neutrinos, as shown in the first four papers on cy- 
bersusy [2] [3] [4] [5] , and the quarks, as shown in this paper, do 
seem to naturally be the lightest particles in their broken super- 
multiplets. Moreover, the splitting between these elementary 
leptons and quarks, and the lightest superpartners for them, 
can be huge. 

So far, there are no negative results for cybersusy. However it 
is disappointing that there are still so many parameters in the 
theory. Moreover cybersusy gives rise to lots of new particles. 
It is true that if one could observe them all, there would be 
enough correlations to verify cybersusy, or to contradict it, but 



that would take a lot of data. Also it is clear that there is no 
explanation yet of the huge and tiny numbers needed to get a 
reasonable scale for super symmetry breaking. 

It is also interesting that the standard supersymmetric model 
seems to be set up in a way that allows cybersusy to act nicely 
on the quarks and leptons, through the quark and lepton sym- 
metries that we found in subsection 3.2 of this paper. It is not 
obvious whether there are other models that would work just 
as well, and that is a question worth examination. 

In order for the program to continue to be successful, it is 
also necessary that the BRS cohomology of gauge theories be 
understood better, and that it has more cybersusy algebra as- 
sociated with it in some way. 

It is encouraging that a sort of cybersusy quark model is 
emerging, because that means that there is a reasonable chance 
to construct all the baryons in a way that manifests broken 
super symmetry. There are many calculations to be done in 
this baryon area, and it would be nice to know if these are 
consistent with experiment. The program for this is briefly 
recalled in section 7 above. The first step is to write down the 
cohomology towers, then derive the cybersusy algebra, then 
write out the effective action, and then invert the kinetic terms 
to find the propagators and the masses. A first glance at this 
is given in sections 8.2, 10 and 11 above. 

That is a real test of the theory, because it could well 
happen that these effective actions give results that 
are obviously wrong-for example one might find that the 
theory predicts that the mesons are predicted to be heavier 
than their spin J = ^ superpartners, or that the baryons are 
predicted to be heavier than their spin J = baryon superpart- 
ners. That would be a real problem for cybersusy, and maybe 
also for supersymmetry itself, in terms of its application to par- 



tide physics. Tlie data that need to be correlated are already 
immense and very well documented [1]. 
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